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est Pleistocene. Locally includes colluvium, ta-
lus, and drift

GLACIAL DEPOSITS

Qed Evans Creek Drift (Pleistocene)—Till, outwash,

and morainal deposits, principally along major
streams and mantling relatively flat upland sur-
faces. Slightly weathered to unweathered; most
andesite clasts in B soil horizon lack significant
weathering rinds. Age is late Pleistocene, ap-
proximately 17-25 ka (Barnosky, 1984; Cran-
dell, 1987). Queried where age could be older
(Hayden Creek Drift) or where deposits could
be colluvium or alluvium. Locally subdivided
into:

not wholly Miocene. Chemically basaltic an-
desite to silicic andesite (table 1, nos. 4 and 8)

Sill complex of dacite, rhyodacite, and related

fine-grained quartz diorite and granodiorite
(Miocene)—Columnar, tan- to buff-weathering,
sparsely to moderately plagioclase-porphyritic
silicic sills that cut unit Tvs (23.5 Ma). Easily
confused with sills of unit Tip where weathered
or altered. Unit consists of multiple sills, but
they cannot be mapped separately because ex-
posures of host volcaniclastic rock are poor.
Locally pyritic and stained with iron oxide.
Chemical analyses of samples range from mafic
dacite to silicic rhyodacite (table 1, nos. 12—
15). May grade into unit Tip; many outcrops
could be assigned to either unit. Probably

Qeo Outwash—Deposits of gravel on valley sides mostly if not wholly Miocene
above flood plain of present Cowlitz River
Tai  Andesite intrusions (Miocene and Oligocene)—

Qem Moraine—Thick pile of poorly sorted sand and Dikes, sills, and one small hypabyssal intrusion

gravel across valley of Deception Creek

YOUNG LAVA FLOWS

Qgr; Intracanyon lava flows from Goat Rocks vol-

canic center (Pleistocene)—Vitrophyric py-
roxene andesite and mafic dacite flows filling
340-m—deep paleocanyon incised into unit Tri
north of Hager Lake. Erupted from Goat Rocks
volcanic center. Unit predates Hayden Creek
Drift (probably about 0.14 Ma) in Packwood
Lake quadrangle, where flows overlie reversely
magnetized dated flows of Matuyama age and
so are younger than about 0.78 Ma. Older flows
from Goat Rocks volcanic center (Qgr, and
Qgr;) exposed east of quadrangle (Swanson,
1996b) not shown on this map

INTRUSIVE ROCKS

Glomeroporphyritic sill complex of Packwood

{Miocene)—Moderately to highly plagioclase-
glomeroporphyritic andesite and microdiorite
forming columnar sills intruding unit Tvs (23.5
Ma) in and near town of Packwood. Unit con-
sists of multiple sills, but they cannot be
mapped separately because exposures of host
volcaniclastic rock are poor. Many such expo-
sures near Packwood not shown on map owing
to scale. Columnar jointing normal to contacts
is commonly prominent and good indicator of
attitude of host rock. In places iron-oxide stain
mostly obscures glomeroporphyritic texture,
and rock resembles slightly porphyritic rhyolite.
May grade into unit Tri; many outcrops could
be assigned to either unit. Probably mostly if

of aphyric and one- or two-pyroxene-plagio-
clase-phyric basaltic andesite and andesite. Ty-
pically fine- to medium-grained and texturally
resembles lava flows (unit Ta). Sills have co-
lumnar jointing normal to contacts, quenched
margins, and thicknesses ranging from a few
meters to more than 20 m. Dikes characterized
by subhorizontal columnar jointing, fine-
grained margins, steep contacts with host rocks,
and widths of 1-5 m. Probably in part feeders
for flows of unit Ta, but many dikes could be
younger and have fed flows now eroded away.
Compositions range from basalt to mafic dacite
(table 1, nos. 1-3, 5-7, 11, and 18). Dikes form
two distinct sets, the larger containing dikes
with east-northeast strikes and the smaller,
dikes with north-northwest strikes (fig. 10B)

LAVA FLOWS AND VOLCANICLASTIC ROCKS

Volcaniclastic rocks (Miocene? and Oligo-

cene)—Bedded conglomerate, sandstone, silt-
stone, and lithic diamictite containing volcanic-
derived clasts, as well as lithic- and lesser pum-
ice-lapilli tuff and fine-grained tuff. Typically
brown to buff, with the tuffaceous rocks gener-
ally green and locally white or mauve. Different
rock types are interbedded at all scales, and at-
tempts to map them separately proved un-
workable, except in Packwood area (unit Tvs)
and in southwestern part of quadrangle (unit
Tbmd). Hammond (1980) and Schasse (1987)
assigned unit to Ohanapecosh Formation.
Bedded epiclastic rocks range in grain size
from silt to gravel (dominantly sand), in sorting
and rounding from poor to good, and in bed
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thickness from less than 1cm to more than
50 cm (generally a few centimeters). Sedimen-
tary structures, such as crossbedding, channels,
and both normal and inverse size grading com-
mon. Clasts are entirely of volcanic derivation,
chiefly basaltic andesite and andesite but in-
cluding more silicic rock types. Fossil wood,
mainly stems and twigs but including trunks
nearly a meter in diameter, is plentiful locally.
Detritus probably derived by reworking of
freshly erupted debris or by erosion of slightly
older volcanic rocks and deposited in fluvial
environment.

Clasts in lithic diamictite range in size from
sand to boulders. Wide range in degree of
rounding, with angular boulders commonly
mixed with rounded gravel and cobbles. Thick-
ness of single beds typically several meters but
ranges from 1m to more than 15 m. Fossil
wood abundant in some beds. Diamictite com-
monly interbedded with fluvial sandstone but
also abundant in tuffaceous part of section.
Probably mostly of debris-flow (lahar) origin.

Pumice- and lithic-pumice-lapilli tuff is
probably of pyroclastic-flow origin. Welding is
uncommon. Single lapilli-tuff beds range in
thickness from several meters to more than
10 m. Typically plagioclase-phyric, with minor
clinopyroxene; no hornblende and rare quartz.
Lithic clasts are sparse to abundant and gener-
ally andesite or dacite in composition. Frag-
ments of charred wood are abundant in many
lapilli tuffs.

Unit is almost entirely of Oligocene age in
quadrangle. Fallout tuff interbedded with silt-
stone and shale of unit Tvs yielded zircon fis-
sion-track age of 23.5+0.6 Ma (Schasse, 1987),
most likely early Miocene but, taking into ac-
count analytical error, astraddle the Miocene-
Oligocene boundary of Cande and Kent (1992;
1995) and Odin and others (1991).

Unit locally includes andesite flows and sills
too thin to map separately

Volcanic sandstone, siltstone, and shale (Mio-

cene and Oligocene?)—Well-bedded, typically
fine-grained carbonaceous sandstone, siltstone,
and shale forming top of stratigraphic section in
Packwood area. Includes thin interbeds of fall-
out tuff, one of which yielded the zircon fission-
track age of 23.5+0.6 Ma (Schasse, 1987).
Hosts numerous sills of units Tip and Tri

Quartz-phyric ash-flow tuff of Purcell Creek

(Oligocene)—Light-gray to pink, highly quartz-
phyric lithic-pumice lapilli tuff, welded in
places. Commonly platy. Most thin sections

show minor amount of biotite. Quartz pheno-
crysts commonly 3-4 mm in diameter and
highly embayed. Plagioclase phenocrysts com-
mon and typically 2-4 mm long. Some pumice
lapilli larger than 10 cm diameter in nonflat-
tened state. Thickness no more than 10 m in
quadrangle though much greater farther east
and northeast. Rhyolitic composition (table 1,
nos. 16-17, as well as two other analyses in
neighboring Packwood Lake quadrangle). Out-
standing marker unit, recognizable despite in-
tervening folds in the Ohanapecosh Hot Springs
quadrangle farther northeast. Two ages avail-
able for unit, both from prominent cut along
Highway 12 just west of Purcell Creek in Oha-
napecosh Hot Springs quadrangle 4.5 km north
of map area: 24.8+0.3 Ma (U-Pb) and
26.5+2.1 Ma (zircon fission-track), obtained
from same sample (Vance and others, 1987, ta-
ble 1, locality 22; note that sample number for
locality 22 in their Appendix I is incorrect and
should be JV 67 [J.A. Vance, oral commun.,
1995]). This unit is considered as basal Stevens
Ridge Formation in nomenclature of Fiske and
others (1963) and Hammond (1980), and basal
Stevens Ridge Member of Fifes Peak Formation
in nomenclature of Vance and others (1987)

Thbmd Diamictite of Burton Meadows (Oligocene)—

Thick (150-200m in most places), cliff-
forming lithic diamictite underlying Burton
Meadows, headwaters of Burton Creek, and
Goat Dike. Named diamictite below Castle
Butte in Blue Lake quadrangle (Swanson,
1993). Very coarse in most places, with angular
clasts of andesite several meters in diameter
common. Generally massive but local discon-
tinuous partings. Woody debris common.
Dominant clast type is moderately plagioclase-
phyric andesite, but other types of andesite oc-
cur, as well as rip-ups from underlying volcani-
clastic rocks. No evidence of hot emplacement.
Seemingly planar base and top. Could be
mapped separately from rest of unit Ttv only
because of exceptional thickness and hence ex-
posure in high cliffs. Minimum volume of
6.7 km®, calculated from outcrop extent in
Packwood, Purcell Mountain, and Blue Lake
quadrangles. Probably originated as debris
avalanche from volcano, but source unknown

Andesite, basaltic andesite, and basalt lava

flows (Oligocene)—Fine- to medium-grained,
highly plagioclase-phyric (>20 percent, in some
flows >50 percent) to slightly phyric (<5 per-
cent) or even aphyric, darkly hued lava flows
and associated basal and flow-top breccia of ba-
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saltic andesite, andesite, and less common ba-
salt. Mostly found in belt trending northwest
across middle of quadrangle and extending
southeast to Angry Mountain eruptive center in
Packwood Lake quadrangle. Flows typically
5-20 m thick, commonly platy and (or) colum-
nar, with vesicular or amygdaloidal zones in
many places. Phenocrysts are dominantly pla-
gioclase, with less abundant clinopyroxene and
hypersthene; most common phenocryst assem-
blage is plagioclase-clinopyroxene, followed by
plagioclase-clinopyroxene-hypersthene and fi-
nally  plagioclase-hypersthene-clinopyroxene
(minerals listed in decreasing order of abun-
dance). Groundmass texture chiefly fine-
grained intersertal or intergranular, with flow-
aligned microlites common; very fine-grained

pilotaxitic texture characterizes more silicic
rocks. Glass generally altered to clay minerals.
Chemical analyses from quadrangle range from
basalt (table 1, nos. 1-3) through basaltic an-
desite (no. 5) and andesite (nos. 6 and 18) to
mafic dacite (table 1, no. 11). Most flows are
probably basaltic andesite and andesite, as
shown by more numerous chemical data in pre-
viously mapped quadrangles. Dikes and other
intrusions of unit Tai probably fed some of the
flows. Interbedded with volcaniclastic rocks
(units Ttv and Tbmd) and includes volcani-
clastic beds too thin to map separately. Flows in
major belt may have been erupted from Angry
Mountain eruptive center or from possible vent
area along ridge north of South Point
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EXPLANATION OF MAP SYMBOLS

Contact, dashed where approximately located, queried where uncertain, dotted
where concealed

Strike and dip of bedding and flow contacts
30X Inclined

&b Horizontal or dip less than 5 degrees and strike poorly defined

Folds, dashed where approximately located, dotted where concealed

Trace of axis of anticline, showing direction of plunge

Trace of axis of snycline, showing direction of plunge

Faults, dashed where approximately located, queried where of uncertain extent
High-angle fault; bar and ball on downthrown side if known

—— Fault or shear zone; arrows indicate relative sense of lateral displacement
-------- Air-photo lineament southwest, west, and northwest of Skyo Mountain
M Dike of andesite or basaltic andesite of unit Tai

Site of chemically analyzed sample, with map number. Number refers to table 1, column 1

Ty Basalt
4 Basaltic andesite
104 Andesite
190 Dacite
32 Rhyolite
* Fission-track dating locality of Schasse (1987). See text for rock description and age



